Background-Calcific aortic valve disease is common in the elderly, is correlated with common cardiovascular risk factors, and is associated with increased cardiovascular event risk; however, whether metabolic syndrome is associated with an increased prevalence of aortic valve calcium (AVC) is not known. Methods and Results-The prevalence of AVC, as assessed by computed tomography, was compared in 6780 Multi-Ethnic Study of Atherosclerosis (MESA) participants with metabolic syndrome (nϭ1550; National Cholesterol Education Program's Adult Treatment Panel III [ATP III] criteria), diabetes mellitus (nϭ1016), or neither condition (nϭ4024). The prevalence of AVC for those with neither condition, metabolic syndrome, or diabetes mellitus was, respectively, 8%, 12%, and 17% in women (PϽ0.001) and 14%, 22%, and 24% in men (PϽ0.001). Compared with those with neither condition, the adjusted relative risks for the presence of AVC were 1.45 (95% CI 1.11 to 1.90) for metabolic syndrome and 2.12 (95% CI 1.54 to 2.92) for diabetes mellitus in women and 1.70 (95% CI 1.32 to 2.19) for metabolic syndrome and 1.73 (95% CI 1.33 to 2.25) for diabetes mellitus in men. There was a graded, linear relationship between AVC prevalence and the number of metabolic syndrome components in both women and men (both PϽ0.001). Similar results were obtained when the International Diabetes Federation metabolic syndrome definition was used. Conclusions-In the MESA cohort, the metabolic syndrome and diabetes mellitus are associated with increased risk of AVC, and AVC prevalence is increased with increasing number of metabolic syndrome components.
elderly, and its presence is associated with an increased risk of cardiovascular events. 1 AVC is a characteristic of aortic sclerosis, in which the aortic valve is calcified but does not obstruct left ventricular outflow, and aortic stenosis, in which obstruction to left ventricular outflow is present. 2 Aortic sclerosis has a prevalence of 25% in patients above the age of 65 years 3 and has been associated with a 50% increase in risk for cardiovascular mortality. 1 In one retrospective cohort study, subjects with aortic sclerosis were Ϸ16 times more likely to develop aortic stenosis than were those with normal valves. 4 Aortic stenosis carries an 80% 5-year risk of heart failure, valve replacement, or death. 5 Histopathological studies have demonstrated that aortic valvular lesions have many features characteristic of atherosclerotic lesions, including chronic inflammation, 6, 7 lipoprotein deposition, 8, 9 and the presence of ACE. 10 In addition, risk factors for atherosclero-Clinical Perspective p 2119 sis, including age, hypercholesterolemia, smoking, and male gender, also are associated with an increased AVC prevalence. 3 The identification of factors associated with AVC may be important, because there currently are no medical therapies that have been shown conclusively either to slow AVC progression or to decrease clinical events associated with AVC.
Recently, multiple investigators have identified the insulin resistance/metabolic syndrome as a major cardiovascular risk factor.(reviewed in Grundy et al 11, 12 ) The metabolic syndrome (MetS) is identified clinically by the presence of a constellation of features, including central adiposity, dyslipidemia, hypertension, and impaired fasting glucose. [11] [12] [13] The prevalence of MetS is high 14 and is increasing, owing in part to the epidemic of obesity. 15 Previous studies have shown that MetS and diabetes mellitus are associated with increased coronary artery calcium scores, as assessed by electron-beam computed tomography. 16, 17 Diabetes mellitus has been shown in echocardiographic studies to be associated with increased prevalences of aortic valve calcium 18 and aortic stenosis, 19 as well as with an increased rate of aortic stenosis progression. 20 However, no previous studies have investigated whether MetS is associated with increased AVC prevalence, as assessed either by echocardiography or by electron-beam computed tomography.
We analyzed data from the Multi-Ethnic Study of Atherosclerosis (MESA) to determine whether, at baseline, features of MetS (waist circumference, blood pressure, low HDL cholesterol, high triglycerides, and impaired fasting glucose) were associated, either individually or collectively, with increased AVC scores. We also determined the prevalence and quantity of AVC among persons with MetS, diabetes mellitus, or neither condition.
Methods

Study Population
The MESA cohort consists of 6814 men and women aged 45 to 84 years who were recruited from 6 US communities (Baltimore, Md; Chicago, Ill; Forsyth County, North Carolina; Los Angeles County, California; northern Manhattan, NY; and St. Paul, Minn) and who were free of clinically evident cardiovascular disease at the time of enrollment. The main objective of MESA is to determine the characteristics of subclinical cardiovascular disease and its progression. In MESA, participants were free of clinical CVD at baseline. Participants were excluded if they had a history of any of the following procedures: coronary bypass surgery, balloon angioplasty, heart valve replacement, pacemaker or defibrillator implantation, or any other cardiac surgery. Of the 6780 participants, 168 (2.5%) had self-reported rheumatic fever; the exclusion of these people from the analysis did not change the results. The study was designed to include whites, blacks, Hispanics, and Chinese. Sampling and recruitment procedures have been described in detail previously. 21 Participants were enrolled between August 1, 2000, and July 30, 2002. The institutional review boards at all participating centers approved the study, and all participants gave informed consent.
Questionnaires were used to obtain information about socioeconomic status, medical history, medication, and tobacco use. Smoking was defined as current, former, or never. Waist circumference at the umbilicus was measured to the nearest 0.1 cm with a steel measuring tape (standard 4-oz tension). Resting blood pressure was measured 3 times with participants in the seated position with a Dinamap model Pro 100 automated oscillometric sphygmomanometer (Critikon/GE Healthcare; Giles, Bucks, United Kingdom). The average of the last 2 measurements was used in analysis. Total and HDL cholesterol, triglycerides, and glucose levels were measured from blood samples obtained after a 12-hour fast. LDL cholesterol was calculated with the Friedewald equation. 22 Diabetes was defined as fasting glucose Ն126 mg/dL or use of hypoglycemic medication. Impaired fasting glucose was defined as fasting glucose 110 to 125 mg/dL.
MetS Definitions
MetS was defined with the Third Adult Treatment Panel of the National Cholesterol Education Program (ATP III) 23 modified criteria as the presence of 3 or more of the following: large waist circumference (women Ͼ88 cm and men Ͼ102 cm); elevated triglycerides (Ն150 mg/dL); low HDL cholesterol (men Ͻ40 mg/dL and women Ͻ50 mg/dL); impaired fasting glucose (110 to 125 mg/dL); and elevated blood pressure (Ն130/85 mm Hg or selfreported use of medications for hypertension). The American Diabetes Association recently recommended that the range for impaired fasting glucose be changed from 110 to 125 mg/dL to 100 to 125 mg/dL 24 ; the effect of this modification on the population prevalence of MetS has not been fully explained. Therefore, a revised definition of MetS that applied the lower threshold for impaired fasting glucose (100 to 125 mg/d) was created to assess the effect of this change on the prevalence of MetS and its association with AVC. As a secondary analysis, we also examined the International Diabetes Federation (IDF) criteria for MetS, 13 which recommend large waist circumference (for whites, blacks, and Hispanics: Ն80 cm if female or Ն94 cm if male; for Chinese, Ն80 cm if female or Ն90 cm if male) and 2 or more of the following: elevated triglycerides (Ն150 mg/dL); low HDL cholesterol (men Ͻ40 mg/dL and women Ͻ50 mg/dL); impaired fasting glucose (100 to 125 mg/dL); and elevated blood pressure (Ն 130/85 mm Hg or self-reported use of medications for hypertension).
Computed Tomography Techniques
All participants underwent 2 computed tomography (CT) scans at the same time for evaluation of coronary artery calcium. CT studies were performed with either an Imatron C-150XL computed tomographic scanner (GE-Imatron, South San Francisco, Calif) in 3 sites or multidetector CT scanners (4-slice) in 3 sites. The exact scanning methodology employed in the MESA study has been reported elsewhere. 25 All studies were analyzed at the MESA CT reading center at Harbor-UCLA Research and Education Institute. The calcium score of each lesion was calculated by multiplying the lesion area by a density factor derived from the maximal Hounsfield units within this area, as described by Agatston et al. 26 The density factor was assigned in the following manner: 1 for lesions for which the maximal density was 130 to 199 HU, 2 for lesions 200 to 299 HU, 3 for lesions 300 to 399 HU, and 4 for lesions Ͼ400 HU. A total calcium score (for both Agatston and volume) was determined by summing individual lesion scores at each anatomic site. Volume of calcium was also measured (in mm 3 ) as the volumetric score. 27 AVC was measured and quantified with the same lesion definition as for coronary calcification. Any calcified focus seen that extended to the aortic root was deemed aortic valve calcium, by methodology described previously. 28 Calcification that involved either the aortic or mitral annuli was not included. AVC score (Agatston and volume) was assessed in every patient. The absence of AVC was deemed a score of 0.
Data Analyses
The study population for the present analysis includes all MESA participants who had no missing data on any component of MetS.
After the application of these criteria, 6780 individuals remained for analysis.
All analyses were stratified by gender. Comparisons between MetS, diabetes mellitus, and neither condition (and across number of MetS risk factors) with demographic measures and cardiovascular risk factors are expressed with means and proportions. We used the 2 test for proportions and ANOVA for comparison of levels of continuous risk factors.
Because the prevalence of calcification was Ͼ10% in the cohort, ORs overestimate the relative risk (RR). Therefore, RR estimates are presented from the regression model yϭexp(⌾ T␤ ). The exponentiated parameters ␤ are interpreted as RRs. We assumed gaussian error and used robust standard error estimates. Using this method, we examined the prevalence of AVC Ͼ0 (ie, the percent with scores Ͼ0) among the 3 disease groups (MetS, diabetes mellitus, and neither condition) by gender, adjusted for age and ethnicity and additionally for other non-MetS risk factors (LDL cholesterol, lipid-lowering medications, and smoking). Among those with detectable calcium, the natural logarithm of the AVC score was used as a continuous variable in a linear regression. For all nondiabetic subjects, we further examined the number of MetS risk factors (from none to all 5) and their association with prevalence of AVC and examined the RR of AVC Ͼ0 by number of MetS risk factors using those with 0 MetS risk factors as the reference group. For the RR regression, participants who had 4 and 5 risk factors were grouped together owing to the relatively small numbers. Two-way interactions be-tween MetS (and diabetes mellitus) and age and ethnicity with the outcomes of interest were examined.
Statistical analyses were performed with SPSS 12.0.2 software for Windows (SPSS Inc, Chicago, Ill) and Stata 8.0 for Windows (Stata Co, College Station, Tex). A probability value Ͻ0.05 was considered statistically significant. Confidence intervals are expressed as 95% CIs.
The authors had full access to the data and take full responsibility for its integrity. All authors have read and agree to the manuscript as written.
Results
Participant Characteristics
The mean age of the cohort was 62 years (range 45 to 85 years); 53% were female; 12% were Chinese-American, 28% were black, and 22% were Hispanic. Of the 6780 participants, 1550 (23%) met the ATP III definition for MetS and an additional 1026 (15%) met the definition for diabetes mellitus. There were significant differences in all coronary risk factors between those without either MetS or diabetes, those with MetS, and those with diabetes ( Table 1 ). The prevalence of MetS in participants without diabetes was 30% in women and 21% in men, with substantial differences by gender and ethnic subgroups (from a low of 13% in Chinese-American men to a high of 31% in Hispanic women). Elevated blood pressure was the most common component for men, ranging from 81% in subjects with MetS to 80% in subjects with diabetes. Large waist circumference was much more prevalent in women (94% for those with MetS and 87% for those with diabetes) than in men (75% for MetS and 51% for diabetes). With the IDF definition of MetS, 2239 participants (33%) had MetS, with MetS prevalences of 35% in women and 31% in men. With the IDF definition, the prevalence of MetS also differed by ethnicity, ranging from 11% in Chinese women to 32% in both black women and white women and from 8% in Chinese men to 38% in white men.
Relationships of MetS and Diabetes Mellitus to AVC Prevalence
The prevalence of AVC in women with MetS was significantly lower (12%) than in those with diabetes (17%) and significantly higher than in those with neither condition (8%; both PϽ0.001). In men, the prevalence of AVC in those with MetS was 22% compared with 24% in those with diabetes and 14% in those with neither condition (PϽ0.001; Figure  1A) . Similar results were observed with the IDF criteria for MetS ( Figure 1B ). Among women with detectable calcium who had neither MetS nor diabetes, the mean of ln(AVC) was 3.76 (SDϭ1.28); the mean for those with MetS was 3.80 (SDϭ1.68) compared with the mean among diabetic subjects of 4.00 (SDϭ1.15). The difference between these means was not significant (Pϭ0.407). For men, these figures were 4.16 (SDϭ1.63), 4.21 (SDϭ1.53), and 4.28 (SDϭ1.55), respectively (Pϭ0.779). We tested for interactions between MetS and either age or ethnicity in the prediction of the presence of AVC. There were no significant interactions with age or ethnicity (all PϾ0.10).
Relationship of AVC Prevalence to Number of MetS Components
There was a graded, linear association between the prevalence of AVC and the number of metabolic risk factors (excluding persons with diabetes) for both genders ( Figure  2A ). For women, AVC prevalence ranged from 3% in those without any metabolic risk factors to 7%, 11%, 12%, 15%, and 17% in those with 1, 2, 3, 4, and 5 metabolic risk factors, respectively (PϽ0.001 for trend). For men, the prevalence of AVC was higher and ranged from 9% in those without any metabolic risk factors to 15%, 17%, 22%, 23%, and 30% in those with 1, 2, 3, 4, and 5 metabolic risk factors, respectively (PϽ0.001 for trend). Similar results were obtained when the IDF definition of MetS was used ( Figure 2B) 
Regression Analyses of MetS, Diabetes Mellitus, and AVC Risk
From RR regression analyses, the RR of AVC (compared with those with neither MetS nor diabetes mellitus), adjusted for age and ethnicity, was significantly higher in both women and men among those with MetS (women: RR 1.49, 95% CI 1.14 to 1.96; men: RR 1.70, 95% CI 1.32 to 2.18) and diabetes (women: RR 2.20, 95% CI 1.61 to 3.01; men: RR 1.72, 95% CI 1.33 to 2.23). Additional adjustment for LDL cholesterol, lipid-lowering medication use, and cigarette smoking showed these relations to persist (women with MetS: RR 1.45, 95% CI 1.11 to 1.90; men with MetS: RR 1.70, 95% CI 1.32 to 2.19; women with diabetes: RR 2.12, 95% CI 1.54 to 2.92; and men with diabetes: RR 1.73, 95% CI 1.33 to 2.25; Table 2 ). For the IDF definition of MetS, the RR of AVC adjusted for age, gender, LDL cholesterol, lipid-lowering medication use, and cigarette smoking was still significantly higher in both men and women than in those with neither condition (women: RR 1.43, 95% CI 1.10 to 1.86; men: RR 1.40, 95% CI 1.12 to 1.76). The IDF definition of MetS also had no effect on the severity of AVC (women: RR 1.89, 95% CI 0.99 to 3.62; men: RR 1.19, 95% CI 0.77 to 1.85). Application of the new, lower limit of fasting glucose (100 mg/dL) resulted in a nearly 3-fold increase in the prevalence of impaired fasting glucose (from 12% to 35%) and an additional 7% for the total population classified as having MetS. Furthermore, fully adjusted RRs estimated from the revised criteria of MetS that used the 100 to 125 mg/dL range for fasting glucose were very similar to those estimated when we used the original impaired fasting glucose criteria (when the adjusted model [model 2] from Table 2 was used, AVC Ͼ0 yielded a 1.43 RR in women [95% CI 1.10 to 1.85] and 1.50 RR in men [95% CI 1.19 to 1.89]).
In age-and ethnicity-adjusted models performed separately for each component of the MetS (Table 3) , elevated blood pressure, high triglycerides, and abdominal obesity were significantly associated with AVC, with approximately 45%, 45% to 60%, and 35% to 60% increases, respectively, in AVC prevalence. Remaining components were less strongly associated with AVC. When all 5 of the components of MetS were included in a single model, the RR for elevated blood pressure was attenuated slightly but still exhibited the strongest association with AVC relative to the other components (results not shown).
Regression Analyses of the Relationship of Number of MetS Components to the Presence of AVC
To examine the association between the number of components and presence of AVC, sex-specific models were fit with categories that represented the presence of 1, 2, 3, and Ն4 components, with 0 components as the referent (Table 4 ). Women and men with 4 to 5 components were 3.32 (95% CI 1.77 to 6.21) and 2.26 (95% CI 1.72 to 3.86) times more likely to have AVC than participants with 0 components. Furthermore, the presence of any 2 components was positively associated with presence of AVC (women: 2.44, 95% CI 1.32 to 4.50; men: 1.46, 95% CI 1.01 to 2.11). When the new lower limit of fasting glucose (100 mg/dL) was used, the magnitude of association between each number of remaining components and prevalence of AVC remained nearly the same (for 4 to 5 components, the RR in women was 3.32 [95% CI 1.71 to 6.45], and in men, the RR was 2.32 [95% CI 1.54, 3.52]). When we applied the IDF definition, sexspecific models were fit that represented the abdominal obesity criteria plus the presence of 0, 1, 2, or Ն3 components, with no abdominal obesity present as the referent (Table 4 ). Women and men with abdominal obesity plus 3 to 4 components were 1.72 (95% CI 1.01 to 2.90) and 1.92 (95% CI 1.39 to 2.66) times more likely to have AVC than participants with no abdominal obesity; however, the presence of fewer components plus abdominal obesity had no significant association with AVC in either men or women.
Discussion
Our report of a large, population-based multiethnic cohort shows an increased and graded likelihood of AVC with the presence of MetS and diabetes mellitus, as well as with the The mechanisms by which MetS might mediate increased valvular calcification are not known. However, MetS is associated with increased oxidant and inflammatory stress, and both oxidized cholesterol and inflammatory cytokines, each of which is present in human aortic valve lesions, 9, 29 have been shown to increase calcific nodule formation by valvular fibroblasts in vitro. 30 This study has several limitations: (1) It is cross-sectional, which limits conclusions about causality; (2) the study may be subject to survival bias in that individuals with cardiovascular disease did not participate in MESA; (3) because MESA is limited to adults free of clinical cardiovascular disease at baseline, many individuals with MetS and preexisting cardiovascular disease who were at high risk for AVC may have been excluded, thereby diminishing the strengths of association; and (4) dichotomous representations of truly continuous measures, such as those that constitute the MetS criteria, decrease available information and can result in misclassification of exposure. This is especially true for measures with known biological variability and thus may account for the relatively weak association detected between low HDL and prevalent AVC observed in the present study. However, the purpose of the study was to investigate the associations between AVC and MetS and its individual components as defined by ATP III, in which specific threshold values have been recommended. It is reassuring that the results were similar when the recently released IDF metabolic syndrome definition 13 was used. In addition, one recent recommendation has been to lower the impaired fasting glucose cutpoint to Ն100 mg/dL, and it is noteworthy that the relationship between MetS and AVC remains robust even when MetS is defined with this lower glucose cutpoint.
Moreover, we recognize that persons with MetS and diabetes mellitus represent a spectrum of risk; it is possible that AVC prevalence could be highest in those with diabetes who also have multiple MetS risk factors, and lower in those with diabetes without other MetS risk factors, as is the case with reported prevalence of CVD. 31 Furthermore, other genetic or inflammatory risk factors could modify the relationships of MetS and diabetes with AVC. It was beyond the scope of the present report to investigate these issues.
In conclusion, results from this adult population-based cohort provide support for a link between the presence of MetS and the presence of AVC. They further underscore the importance of recognizing and treating individual components of MetS, particularly elevated blood pressure and dyslipidemia. Further study is warranted to determine whether screening for aortic valve disease should be recommended in those with MetS or diabetes. Also, given differing findings with regard to the efficacy of either statin therapy or ACE inhibitors in calcific aortic valve disease, [32] [33] [34] [35] [36] further investigation is needed to define whether those interventions, as well as interventions that directly target insulin resistance in MetS, might retard or reverse AVC. 
